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ABSTRACT: Theaimof thisworkwastheestablishmentofembryogeniccalliandcellsuspensionsfrom
differentexplantsandcultivarsofweepinglovegrass,Eragrostiscurvula(Schrad.)Nees,tobeusedastargets
forbiolistictransformation.
Calliwereinitiatedfromimmatureinflorescences,seeds,embryos,leafbasesandroottips.ModifiedMS
medium(MurashigeandSkoog,1962)wasusedforcalliinductionandproliferation.Cellsuspensionswere
establishedandmaintainedinAAF medium(Wangetal., 1993).
Morphogenicalli,embryogeniccellsuspensionsofmoderategrowthrate-consistingmainlyof compact
proembryogeniccellc1usters-andgreenplantswereobtainedfromall theexplantsandcultivarsassayed,
exceptroottips.
Both,explantandgenotypewereveryimportantfactorstobeconsideredinordertoobtainamorphogenic
responseandtoestablishcellsuspensionsfromthisgrass.Thestatisticalanalysisdetectedinteractionbe-
tweenbothfactors,explantsandgenotypes.Immatureinflorescenceswerethebestsourceof explantand
Kromdraaiwasthecultivarthatshowedthebestmorphogenicresponse(expressedasthepercentageofcalli/
explantandthepercentageof calliwithgreenspots-everygreenspotdevelopedintogreenplants-)with
inflorescences,embryosandleafbases.ForMorpaandDonPabloembryosasexplantswerelessresponsive
thanseedsandleafbases.Therewerenodifferencesin leafbasesforall thethreecultivarsanalysed.
Abbreviations:AA medium-mediumdescribedbyMüllerandGrafe(1978);AAF medium-AAmedium
modifiedbyWangetal. (1993);cv-cultivar;2,4-D-2,4-dichlorophenoxyaceticac d;MS- Murashigeand
Skoogmedium.
Introduction
Forplantgeneticengineeringtobesuccessful,an
etfectivemethodforgrowingtransformedcellsintofer-
tileplantsisanabsoluter quirement(lahne tal.,1995).
Inmanymajorcropplants,however,thisstepstillpre-
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sentsdifficuIties,particularIy,theabsenceofaworking
regenerationprotocol.Evenif aregenerationprotocol
hasbeenestablishedforoneplantvariety,it canrarely
beappliedunchangedtoanother.It isnotonlythegeno-
typewhichplaysadecisiverole,butalsotheplantis-
sueculturesystemitself.Foralongtime,cerealsseemed
tobereca1citranti tissueculture.However,consider-
ableprogresshasrecentlybeenmadein establishing
reliableandefficientin vitrocuIturesystems(Vasil,
1988;Wangetal.,1995).Thesuccessinobtainingre-
generatingcuIturesofseveralplantspecieswhichwere
onceregardedreca1citrant,suchas cereals,grainle-
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gumesandforesttreespecies,hasbeenpossiblelargely
duetoa shiftin emphasisfrommediamanipulationto
explantselection(BhojwaniandRazdan,1996).Now,
embryogenicellsuspensionscanbeusedastargetsfor
biolistic transformation(Wangetal., 1994).Theyare
alsoauniquesourceoftotipotentprotoplastsforgrami-
neousspecies(Stadelmannetal., 1998).
Weeping10vegrassEragrostiscurvula (Schrad.)
Neesis animportantforagegrassfor semiaridregions.
It hasimportantraitssuchasdroughtresistanceanda
perennialhabit(Covas,1991).One objectivefor im-
provementinthisgrassistoincreasedigestibility.How-
ever,thereproductivemode-apomixis-restrictstheuse
ofconventionalbreedingmethods.Forthisreason,plant
transformationis anattractivealternative.In aprevious
paperwedescribedamethodtoregeneratefertileplants
from immatureinflorescencesin five cultivarsof E.
curvula (Echeniqueet al., 1996).Inflorescencesare
excellentexplantsbutnonavailableall throughtheyear.
Theaimofthis workwastoestablishembryogenicell
suspensionsfrom differentexplantsand cultivarsof
Eragrostiscurvula.
MaterialsandMethods
Plant material:
Threecultivarsof Eragrostiscurvula(Schrad.)
Nees:twofullapomicts(MorpaandDonPablo)anda
facultativeone(Kromdraai)werecompared,andseeds,
embryos,leafbases,immatureinflorescencesandroot
tipswereusedasexplants.
Culturemedia:
For calli induction,MS medium(Murashigeand
Skoog,1962)supplementedwith 2 mg 1-12,4-D,0.01
mg1-1BAP, 500mg1-1caseinhydrolysate,3% sucrose
(w/v)withandwithout0.5%agar(w/v)(purified,Sigma
A-7921)wasused.For calli proliferation,friable,yel-
10wish,embryogeniccalli were subculturedon MS
mediumsupplementedwith 1.0mg1-12,4-D,400mg1-
1caseinhydrolysate,MS vitaminsand0.5%agar(w/v)
(Wangetal., 1993).In bothmedia,pH wasadjustedto
5.8beforeautoclavingfor 20minat 1atmosphere.
lnflorescencesculture:
Inflorescencesju temergingfromtheflagleafof
plantsgrowingin thegreenhouseweresurfacesteril-
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izedin 70%ethanolfor 1min,followedby commer-
cialbleach(0.8%of activechlorine)with2 dropsof
Tween20for15min,andwashedthreetimeswithdis-
tilledwater.Inflorescencesegments1cmlongwere
cultivatedintestubes(25x 150mm)(3explants/tube)
andinPetridishes(100x 15mm)(5explants/dish)con-
taining15and20mIofinductionmedium,respectively,
forfourweeksinthedarkat25°C.Then,calliweretrans-
ferredtoproliferationmediumandculturedunderdim
light (7-11fJII101m-2S-I)for 1monthandfinallyput
undernormallightconditions(66fJII101m-2S-I).
Seedsandembryoscu/ture:
Matureseedsweresurfacesterilizedin 70%(v/v)
ethanolfor1min,followedbycommercialb each(8%
ofactivechlorine)with2dropsofTween20for20mino
Theywerethenrinsed3timeswithsteriledistilledwater
and24hsoakinginsterilewater.Then,afterare-steril-
izationin commercialbleach(12%v/v),seedswere
soakedindisposablePetridishes(20seeds/dish)andin
testtubes(5seeds/tube).In asimilarway,seedswere
excisedandtheembryosweresoakedandculturedas
theseeds.Minimumsamplesizewas400seedsorem-
bryos/cultivar/treatment.
Lea!basesandroottipsculture:
Seedsweresurfacesterilizedasaboveandplated
in Petridisheswithwetpaperandcottontopromote
germination.After10days,roottipsandleafbaseswere
excisedat2 mmfromthetipandat2 mmfromthe
seed,respectively.
Bothexplantswereplatedin Petridishesandtest
tubesandculturedastheotherexplantsassayed.Mini-
mumsamplesizewas400explants/cultivar/treatment.
Cell suspensions:
Embryogeniccalligrowinginproliferationmedium
weretransferredtoAAF liquidmedium,AA medium
(MüllerandGrafe,1978)containing2.0mg1-12,4-D,
2%sucrose,3%sorbitol,10mll-1B5vitamins(Wang
etal.,1993),andtoamediumwiththesamecomposi-
tionbutreplacingAA byMS macronutrientsalts.
Cellsuspensionswereculturedin 125mIErlenm-
eyerflaskswith30mIofliquidmediumundercontinu-
ousshakingonanorbitalshakerat80rpm.Forthefirst
weektheywerekeptinthedarkat25°C,beforemoving
todimlight(7-11fJII101m-2S-I).Culturemediumwas
replacedevery2weeks.
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FIGURE 1. Callus induction in Eragrostiscurvula by in vitroculture of differentexplants. Leaf base
callus from cv. Tanganika (A). Germinated seed with white soft callus sorrounding the shoot from
cv. Tanganika (B). Leaf base callus (C). Seed derived Morpa callus (D and E). A plated cell sus-
pension from Morpa cultivar. (G). Bars equals: 0.3 cm in figures A, B and D, 0.42 cm in figures C,
E andG and0.75cminfigureF.
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Whensmallc1ustersweretransferedtoasolidMS
mediumwith3%sucrose,withoutgrowthregulators,
plantregenerationwasinitiated.
Plantregenerationcapacitywasdeterminedasthe
percentageof calli/explantandthepercentageof calli
withgreenspots.Everygreenspotdevelopedintogreen
plants.
StatisticalAnalysis:
A completelyrandomizeddesignwasused.Each
Petridishortesttubewasconsideredasanexperimen-
talunit.ANOVA andTukey'stestswerecarriedoutwith
theSYSTAT 7.0programo
ResultsandDiscussion
Theprotocolforweepinglovegrassregeneration
describedinthispaperwasdevelopedfromaseriesof
experimentswhereweinvestigatedthepotencialof
leaves,roots,inflorescences,seedsandembryostore-
generateplants.All theexplantssourcesproducedsome
calliafter4-8weeksinculture.Roottipsstartedtoform
smallnon-embryogeniccalli thatgrewveryslowly.
Seedsgaverisetocallusmassesintheareasurround-
ingtheembryoandalsotypicallygerminated,andcell
proliferationontheshootformeda whitewetcallus
(Fig.1BandD).Nodifferenceswereobservedbetween
embryosandseedsin callusmorphology.Thesecalli
weremainlysoft,aqueousandwitha higheratioof
non-embryogenictissue.Twentydaysafterstartingthe
cultures,theembryosdevelopedcreamyellowsoftcalli
withmucilagousconsistency(Fig.lE andF).Embryo-
genictissueappeardbetweensoftandamorphouscalli
anddevelopedintosomaticembryos.Greenpoints
appeard5daysaftertransfertolight.
Leafbasecalliweresoft,aqueousandmainlynon-
embryogenic(Fig. lA andC), butit waspossibleto
regenerateplantsfromsmallembryogenicspotsim-
mersedintothenon-embryogeniccallousmasses.
Mekbibetal.(1997)wereabletoregenerateplantsfrom
Eragrostistefleafbaseusingdicambasgrowthregu-
lator.Bekeleetal.(1995)alsoworkingwithEragrostis
teffoundthat,onthewhole,thenumberofregenerants
fromleafcalluswashigherthanthatfromrootcallusat
allthetestedhormoneconcentrations.
Statisticalnalysisdetectedinteractionbetweenex-
plantsandgenotypes(p<O.O1).Withleafbasesasex-
plantsnodifferenceswereobservedbetweengenotypes,
havingsimilaresponsethanembryosinKromdraaiand
seedsin MorpaandDonPablo(Tables1and2).But
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leafbaseisnotanexplantsuitabletostartcellsuspen-
sionsoronwhichtobaseanefficientregenerationsys-
temforEragrostiscurvula.
CV.Kromdraaihadthebestresponsein embryo-
geniccallusformationandplantregenerationwithall
theexplantsassayed,exceptwithseeds,thatwereless
responsive(Fig.2,Table1).Calli in thiscultivarwere
friableandembryogenic(Fig.2B)andthe100%ofthem
developedgreenspotsthatgaverisetohealthyplants
(Fig.2 and3).Withthesameexplantsource,Morpa
andDonPablocalliappearedlaterinculture,between
15to30days.Forthesetwocultivars,embryoswere
thelessresponsiveexplants(Tables1and2).
Inflorescenceswereanalysedseparatelybecausethe
experimentalunitsweredifferent.Thiswasbecausethe
culturevesselwasalsoimportantintheinvitroresponse.
Inflorescencesproducedfriableembryogeniccalliwhen
culturewasinitiatedintestubes(Fig.2A).In 30days
itwaspossibletoobservesmallcallusmassesthatgrew
fasttoproducefriableembryogeniccalli.Whenthese
calliweretransferredtolightconditionsitwaspossible
toobservegreenspotsdistributedinalloverthemass
(Fig.2B).If inflorescencesareculturedinPetridishes
theresponseisverydifferent,evenforthesamegeno-
type.Sometimesthereis noresponseorit takesmore
timetoproducesmallcalli,atleast2months.Embryos
andseedsrespondin a differentway.Whentheseex-
plantsarecultivatedin testtubes,thecalliaremainly
aqueousandnon-embryogenic.A betteresponseis
observedin Petridishes,witha higherproportionof
embryogenictonon-embryogeniccalli.
Ourresultsindicatethatimmatureinflorescencesare
themostresponsivetissuetoobtaincalli,regenerateplants
andalsotoinitiatecellsuspensionsfromthisgrass.Im-
matureinflorescenceshavebeenrecognizedasanim-
portantsourceoftotipotentculturesinmanycerealsand
grasses(WernickeandBrettell,1980;Jacksonetal.,
1986).Areasofwhite,compactcallus,typicalofgrami-
neousembryogeniccallus,developedin themiddleof
aqueousnon-embryogeniccalli(Fig.2A).Cellprolifera-
tionappearedtobefromtissuewithintheindividualf o-
retsanddidnotinvolvethestem(rachisandrachilla)or
bractissues(Fig.2A,arrows).Onlythecallifromfloret
primordiashowedmorphogenicpotential(Echeniqueet
al.,1996).Straubetal. (1992)foundsimilaresultsin
Sporobolusvirginicus.Theystatedthattheinitialcell
proliferationappearstobeconfinedtotheovaryanddid
notinvolvethestamensorthesurroundingbracts.
Cellsuspensioncultureswereinitiatedfromcom-
pactcalliderivedfromseeds,embryosandinflores-
cences.Theseculturesvariedconsiderablyin their
'"
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FIGURE 2. Calli obtainedfromimmatureinflorescences,cv.Kromdraai(A and B). Arrowsindicatecell proliferationfrom
florets.A cellsuspensionderivedfrominflorescencecalli,cv.Kromdraai(C). Platedclumpsfromthecellsuspensionshowed
inC, differentstages(D, E, F andG). Barsequals:0.35cm infigureA, 0.20cminfigureB, 1.86cmin figureC, 5.34cmin
figuresD andE, 0.6cmin figureF and0.09cm infigureG.
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TABLE 1.
Effectofexplantsourcesfor cal/usproductionandplant regenerationin
dijferentcultivarsof Eragrostiscurvula (Schrad.)Nees.
Note:Resultsareexpressedin % from400explants/treatmentandareex-
pressedin %.All of thegreenspotsdevelopedintohealthyplants.
TABLE 2.
Averageof thenumberof explantsthatproducedcalli per experimentalunit in the
dijferentcultivars.
Note:Meansfollowedby differentlettersaresignifieantlydifferentatthe0.05levelof
probabilityin seeds,embryosandin ev.KromdraaiandattheO.Ollevelofprobability
in infloreseenees, ev.Morpa andDonPabloaeeordingtoTukey'stest.
EXPLANT ev.Kromdraai ev.Morpa ev.DonPablo
Intlorescences
Calli/100explants 97 88.02 70.23
Calliwithgreenspots/100ealli 100 95.23 76.75
Seeds
Calli/100explants 87.5 98.8 95.26
Calliwithgreenspots/100ealli 15.62 52.17 18.33
Embryos
Calli/100explants 95 90 55
Calliwithgreenspots/100ealli 50 45 34
Leafbases
Calli/100explants 95 97.15 97.11
Calliwithgreenspots/100ealli 50 45 60
Roottips
Calli/100explants O O 0.5
Calliwithgreenspots/100ealli O O O
EXPLANT ev.Kromdraai ev.Morpa ev.DonPablo
Infloreseenees 2.896e 2.615b 2.096a
Seeds 17.5a 19.8b 19.1b
Embryos 19.0e 17.75b lla
Leafbases 19.0a 19.45a 19.45a
CULTIVAR Seeds Embryos Leafbases
Kromdraai 17.5a 19.0b 19.0b
Morpa 18.8b 17.75a 19.45b
DonPablo 19.1Ob 11.00a 19.45b
'~
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FIGURE 3. Histologyof eellsuspen-
sion clumps, ev. Kromdraai. Bar
equals: 200 ¡.tm.
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growthresponse.Regenerablecellsuspensionsfmod-
erategrowthrate,consistingmainlyofcompactmedium
sized(2-3mm)proembryogeniccellc1usters(Fig.2e)
wereestablishedforcultivarsMorpa,DonPabloand
Kromdraaicultivarsusingsuspensionculturemedium
AAF (Wangelal.,1993).Thehistologicalstudyshowed
embryogenicmassesurroundedbynonembryogenic
tissue(Fig.3).Whensmallc1ustersweretransferredto
a solidMS mediumwith3%sucrosewithouthormones
plantregenerationwasinitiated(Fig.2D,E, F andG).
Itwaspossibletoobservedifferencesbetweencell
suspensionsobtainedfromseedor embryocalliand
frominflorescences,andalsobetweencultivars.Cell
suspensionsfromseedorembryocalligrewslowerthan
thosefrominflorescences,showingsomedegreeofoxi-
dationinseedorembryo-derivedones(Fig.IF andG).
Althoughseedsandembryosarelessusefulex-
plantsthaninflorescences,it compensatesby being
availableall throughtheyear.Seedsarealwaysavail-
FIGURE 4. Plantletsfroma platedeel!suspension,ev.Kromdaai(A, B
andC). R plantsfloweringinthefield(D andE). Barsequals:0.75cmin
figuresA 1andC, 1.71cm in figureB.
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ableandrenderthewholeproceduresimplerandless
timeconsuming.
OxidationwasobservedwhenMS basedmedium
wasusedfortheestablishmenta dmaintenanceofsus-
pensionculturesofthesamethreecultivars.Whenplated
onregenerationmedium,apartfromtheformationof
somaticembryosinrestrictedareas,thedevelopingof
rootswasobserved(Fig.lF). A similareffectwasob-
servedinEragrostiste!embryogeniccalIuswithoutan
apparentrelationshipwiththeculturemedia(Kebebew
etal.,1998).
Wealsoattemptedto establishcelI suspensions
fromseedsandembryosgrowingfromthebeginning
inliquidMSmedium,butthecalIusmorphologyisbet-
terif theculturesareinitiatedinsolidmedium.
Regeneratedplants(Fig.4A,B andC)wereplanted
inpotswithsoilandtransferredtothegreenhouse.Plants
wererobust,grewrapidly,floweredandsetseed.Seeds
fromRoplantsweresowninthefieldandalsoflowered
andsetseeds(Fig.4D andE).
Plantregenerationfroma tissueculturesystemis
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oftenthemostcriticalstepinaplantimprovementpro-
gramoEmbryogeniccelIlinesmaintaintheircompetence
fora longperiodof time,andgiverisetogeneticalIy
uniformandnormalplantpopulations(Vasiletal.,1984).
Theestablishmentof morphogeniccelI suspensions
shouldhelpin thefurtherapplicationof genetransfer
technologiesintothisgrass,tryingtoachievestablege-
netictransformationbyparticlebombardment.
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